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ABSTRACT
Enteral feeding system is one of the important therapeutic tools to prevent malnutrition for hospitalized patients. The microbiological
index, including total plate count (TPC), coliform, E. coli, Salmonella spp., and Staphylococcus aureus., of an enteral feeding system
at a district hospital in central Taiwan was evaluated. The elements of food, food residues in the feeding containers, feeding containers,
luer connectors, feeding operators’ hands, and working area surfaces were evaluated. A hazard analysis and critical control point system
(HACCP) was applied. Various critical control points related to the sanitary conditions were selected and the corresponding corrective
actions were taken. The microbial counts of the majority of the samples were significantly reduced. The luer connectors were noted in
particular. The microbial counts of TPC, coliform, and E. coli of the luer connectors were 6.95, 5.32 and 4.84 log CFU/mL, respectively.
After HACCP implementation, the microbial counts were significantly reduced to 1.52, 0.24 and 0.24 log CFU/mL, respectively. The positive detection percentage of Salmonella spp. and S. aureus of the luer connectors was reduced from 100 and 61% to 0 and 16%, respectively.
Similar reduction of microbial count could also be observed in other samples. This study implies that proper monitor and corresponding
corrective actions could be used to improve the microbial quality of an enteral feeding system in hospitals.
Key words: Hazard Analysis and Critical Control Point, enteral feeding system, microbiological analysis

INTRODUCTION
The enteral feeding system is used for nutritional
support in patients with head injuries, cancers, AIDS and
other diseases(1-5). Contamination of enteral feeding solutions
and infectious complications in patients included septicemia,
bacteraemia, diarrhea, salmonellosis, and pneumonia(6,7).
A number of studies have shown the importance of
appropriate handling procedures and the design of enteral
feeding systems in reducing the risk of microbial contamination of the enteral tube feeds(8-10). The Hazard Analysis
Critical Control Point (HACCP) is a system based on the
prevention of problems associated with food safety and is
* Author for correspondence. Tel: 04-8528469 ext. 2283;
Fax: 04-8521992; E-mail: feccy@mail.dyu.edu.tw

now widely used, especially in the food industry, as the most
effective way of controlling food poisoning and food-borne
diseases(7,11).
Since 1978, the HACCP approach has been applied to
food service system in hospitals(12). The main studies of the
HACCP system focused on food service systems included
breast milk(13,14), entrée production, fresh and frozen foods(15),
sandwiches(16), food handlers(17-19) and enteral feeding(20-22) in
hospitals. In Taiwan, many hospitals use commercially readyto-use foods to reduce contamination. However, microbial
contamination is still a problem. Hence, the purpose of the
present study was to investigate the microbiological condition
of enteral feeds for patients before and after implementation
of the HACCP system in a clinical system.
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MATERIALS AND METHODS
I. Food Preparation and Delivery
This study was conducted at a long-term respiratory care
ward. Patients needed chronic mechanical ventilation support
was intubated with endotracheal tube with mechanical ventilation and received enteral feeding via a nasogastric tube.
Three patients were studied during a 7-week period. Their
ages were 9, 72 and 77, respectively. They had cerebral palsy
with complications and cerebrovascular accidents. The Ensure
diet product (Ross Laboratories, Columbus, OH, USA) was
infused into the feeding containers. The food was prepared in
the diet kitchen and delivered directly to the patients. Administration of the warm food to the patients was done by trained
staff in the wards. The food delivery system included three
types of feeding containers: new bags (KANGAROO Pump
Sets), used bottles (used for sodium chloride injection but had
been cleaned and dried) and new bottles.
II. Implementation of HACCP
The preparation and delivery of food was observed and
each step was verified. We used a decision tree and control
measures for each step to define the critical control points
(CCP). The monitoring of CCP was defined with preventive measures in order to implement the HACCP system for
infusions (Figure 1). The top of the Ensure diet product can
was wiped with wet cloth, and then it was wiped with 75%
alcohol after the HACCP were introduced. Four operators,
who had been operating with bare hands, wore disposable
gloves and were instructed to spray the gloves with alcohol
(75%) when changing tasks (e.g., shifting from feeding to
cleaning). Before food preparation, preparation table surfaces
were sprayed with 200 ppm chlorine solution. Particular
attention was given to the feeding containers, which were
new ones each day. A new food transfer set was appended to
the feeding containers.
III. Sampling for Microbiological Examination
There were 6 kinds of samples in our study: food
samples, food residues in the feeding containers, feeding
containers, luer connectors, operators’ hands, and preparation
table surfaces. The food samples were collected once daily
at 11:00 A.M. A total of 6 samples each time were collected
for microbiological examination, including total plate count
(TPC), coliforms, E. coli, Salmonella spp. and Staphylococcus aureus. The containers, connectors, operators’ hands
(the palm of right hand), and preparation table surfaces
were smeared within an area of 10 cm2 using a sterilized
cotton swab moisten with sterilized water. The isolation
and enumeration of the microorganisms were based on the
methods described by Vanderzant and Splittstoesser(23,24).
Microbial counts were determined in triplicate and expressed
as colony-forming units (CFU) per milliliter.
For total aerobic count, plate count agar (E. Merck,

Germany) was used, and incubated at 35 ± 2°C for 48 ± 2 h.
For coliforms and E. coli test, the 3MTM Petrifilm Coliform
Count Plate method was used. For E. coli O157: H7 test,
sample diluents were dropped to Sorbitol McConkey Agar
(SMAC) (Difco Laboratories, Detriot, MI), and incubated
for 24 h until growth visible to the naked eye, and then the
counts were determined. For Salmonella spp. test, unknown
Salmonella spp. in the sample was proliferated in a plate
lactose broth (Oxoid, Unipath Ltd., Basingstoke, England)
at 35°C for 24 h, and then 1 mL lactose broth was removed to
9 mL tetrathionate and selenite cystine broth and incubated
at 43°C for 24 h. Brilliant green agar, xylose lysine decarboxylase agar and sulfite bismuth agar (Oxoid) were used.
The representative colonies were screened on TSI (triple
sugar agar, Oxiod) and LIA (lysine iron agar, Oxoid), and the
colonies were determined by PASCO identification system
(Difco). For Staphylococcus aureus. test, sample diluents
contain egg yolk emulsion (50 mL/L) and K2TeO3 solution
(10 mL/L) and Baird-Parker Agar (Oxoid) were incubated at
35 ± 2°C for 48 h, the colonies were assayed using Staphaurex rapid test kit (Welcome Diagnostics, England).
IV. Microbiologic Standards
The enteral diets were assessed according to the guidelines published by the U.S. Food and Drug Administration
for medical foods, which state that action be taken for the
occurrence of any of the following conditions: the aerobic
plate count exceeds 10,000 organisms per gram of product or
if three or more samples exceed 1,000 organisms per gram; if
coliforms exceed 3 organisms per gram; if Escherichia coli
exceeds 3 organisms per gram; or if Salmonella is present and
Staphylococcus aureus. exceeds 3 organisms per gram(25).
V. Statistical Analysis
All data were done in triplicate. Paired-samples t test
was used for group mean comparison using SPSS v. 10.0
software (SPSS Inc., Chicago, USA). With significant level
of 5% was used.

RESULTS
Figure 1 shows the flow diagram and critical control
points (CCP) in the preparation, distribution and administration of food to patients. In the current study, CCPs included
the receipt of foods, personal hygiene and administration of
the foods, to which controls were applied to prevent, eliminate or reduce microbial hazards.
Before HACCP was implemented, the microbial analyses of all 6 items of the samples were presented in Table 1
and 2. In this study, first of all, no alcohol was used to wipe
the top of the can. Foods from cans decanted to the feeding
containers contained some microorganisms. Used infusion
plastic bottles were adapted for NG (nasogastric) feeding
and might be used for more than three days. The analytic
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Table 1. Microbial evaluation of TPC, Coliform and E. coli of enteral foods by operators before and after HACCP implementation in hospital
Samples

TPC (log CFU a/mL)
Before

b

After

Coliform (log CFU a/mL)
b

Before

b

After

E. coli (log CFU a/mL)

b

Before b

After b

Foods

0.68 ± 0.70

0.11 ± 0.31

0.66 ± 0.99

ND c

0.66 ± 0.99

ND c

Residual foods

6.46 ± 1.00*

0.61 ± 0.67

4.69 ± 1.31*

ND

4.27 ± 1.34*

ND

Containers

4.59 ± 1.36*

0.91 ± 0.83

3.02 ± 1.59*

ND

2.94 ± 1.59*

ND

Giving sets

6.95 ± 0.59*

1.52 ± 0.82

5.32 ± 1.43*

0.24 ± 0.69

4.84 ± 1.43*

0.24 ± 0.69

Operators’ hand

3.70 ± 0.63*

0.75 ± 0.97

0.99 ± 0.86*

ND

Preparation table surfaces
3.04 ± 1.65*
1.04 ± 0.43
0.81 ± 0.89*
ND
a
CFU, colony-forming units.
b
Each value is the mean of the results from three separate experiments.
c
ND: not detected.
*: Significantly different between two groups of before and after HACCP implementation (p < 0.05).

1.23 ± 0.97*

ND

1.10 ± 0.88*

ND

Table 2. Detection of Salmonella spp. and Staphylococcus aureus before and after HACCP implementation in hospital
Salmonella spp.

Samples

Staphylococcus aureus

a

Incidence (%)

Incidence (%)
Before b

After b

Foods

22 ± 44

ND c

8 ± 29

ND

Residual foods

78 ± 44*

ND

58 ± 39*

16 ± 38

44 ± 53*

Containers

Before b

After b

ND

42 ± 51

16 ± 38

100 ± 0*

ND

61 ± 38*

16 ± 38

Operators’ hand

22 ± 44

ND

Preparation table surfaces

56 ± 53*

ND

Giving sets

a

Incidence (%) indicates the number of positive samples/the number of total samples.
Each value is the mean of the results from three separate experiments.
c
ND: not detected.
*Significantly different between two groups of before and after implementation (p < 0.05).
b

100 ± 0*
67 ± 29*

5 ± 43
ND
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results of food residues in the feeding containers showed a
greater microbial population, TPC, coliform and E. coli were
6.45, 4.69, and 4.27 log CFU/mL, respectively. The positive
detection percentage of Salmonella spp. and S. aureus. of the
residual food were 78 and 58%, respectively. The feeding
containers, swabbed with a sterile cotton tip to provide
microbial analysis before the food was decanted, showed a
higher TPC, coliform and E. coli of 4.58, 3.02, and 2.93 log
CFU/mL, respectively. The positive detection percentage of
Salmonella spp. and S. aureus. of the residual food were 44.4
and 41.6%, respectively. The luer connectors (the feeding
tube inserted into the feeding containers) had the highest
amount of contamination. We used sterile water to decant
the luer connectors, and the water collected was analyzed.
The TPC, coliform and E. coli were 6.95, 5.32 and 4.84 log
CFU/mL, respectively. The positive detection percentage of
Salmonella spp. and S. aureus. of the residual food were 100
and 61%, respectively. The microbial analysis of the operators’ hands and preparation table surfaces of the diet kitchen
before and after the HACCP implementation were not significantly different.
After the implementation of the HACCP system, the
microbial populations of the feeding containers, luer connectors and residual food were significantly reduced (Table 1 and
2). When both the feeding containers and bags were new, the
contamination of both luer connectors and residual food was
significantly reduced. Although the feeding operators wore
disposable gloves, because they had to feed and clean the
throat of the patients, the personal hygiene of the operators
should also be emphasized. When the operators changed task,
they need to spray their disposable gloves with 75% alcohol.
However, this spraying with 75% alcohol made no significant
difference. In addition, the degree of care taken in the cleaning
procedures applied to the preparation table surface was not
statistically significant when compared with the degree of
care taken before the implementation of the HACCP system.

DISCUSSION
Ready-to-feed diets supplied in cans are considered safe
if properly handled(26). However, Oliveria(27) considered that
commercial containers may be contaminated before reaching
the patient and relatively simple operations such as opening
and decanting could contaminate the food. Although this
study showed that disposable nutrient containers did not
suffer contamination, bacteria were still found in the medium.
Therefore, we suggest that the retained cans must be cleaned
using 75% alcohol.
The reports(28-31) by Schreiner, Casewell and Schroeder
indicated that when the staff members had more patients
assigned to them, the bacterial transfer from staffs' hands to
patients was a staffs-related risk factor. Our present data indicate cross-contamination of enteral diets through operators’
hands, particularly from who used to extract sputum and feed
diets to patients at the same time. According to the results of
Patchell(32), well-trained operators using improved hygienic

practices could reduce the incidence of contamination of
enteral feeds. As implementation of the HACCP system, in
this study showed operators must follow a better procedure in
order to reduce the possibility of cross-contamination.
There were fewer problems on the surfaces of the stainless steel counter and storage room because the containers in
the storage room were first in and first out. However, some
problems still existed from the surfaces of the stainless steel
counter and the retained cans being contaminated by unsuitable storage. For diets preparation the surfaces of the stainless
steel counter and the containers need to be wiped with 75%
alcohol beforehand.
The results of this study showed that serious bacterial contaminations appeared in the residual feeds, the luer
connectors and the reused plastic bottles. In particular, luer
connectors were more seriously contaminated. Many studies
indicated that cultures from the distal tubing hub were positive(33-35). The organisms might be distributed in a retrograde
manner via a jejunostomy tube, up the food transfer set and
into a diet container. For the sake of reducing the cost of
the medical treatment, it is not unusual for the hospitals to
reuse plastic bottles to feed patients. The feeding container
was washed with water and dried without disinfection.
However, if inappropriately washed or stored, the container
might be more easily contaminated. With long-term use of
the container and the difficulty cleaning the small pipe of the
food transfer set, the bacteria numbers of the residual feed of
the container would increase. Hence, the container should be
changed daily to avoid nosocomial infection.
In this study it is evident that the bacteria contamination
could be reduced through the staff HACCP training, and then
decreased the patients’ gastrointestinal diseases in hospitals.

CONCLUSIONS
Sanitation conditions of the enteral feeding system
posed a potential hazard because they may contain unacceptable levels of microorganisms. Although residual foods and
luer connectors were the major sources of food contamination, the effects of other sources should not be ignored. The
HACCP approach allows the identification of hazards associated with the processing of the enteral diets, and thus provides
the means for controlling and monitoring them in order to
improve the safety of the consumption of the diets.
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